500 m resolution). While the combination 3-6-7 is preferred as it provides a particularly strong contrast, 108 processed MODIS images in the combination of 7-2-1 were readily available since the ice season 2008 . 109 An aggregate ice condition index was created to characterize the state of Izembek Lagoon, based on 110 visual assessment of satellite images (Table 1) . States were defined as: ice-free conditions in which no 111 signs of ice were visible (category 0), traces of ice near the shores and possibly grounded (category 1), 112 light ice conditions with notable ice cover yet eelgrass areas accessible in particular in the North and 113
South of the lagoon (category 3), significant ice conditions with all eelgrass areas and some mud flats 114 covered (category 5), severe ice conditions with the entire lagoon covered with the exception of the 115 deepest parts of the channels (category 7), and a complete ice cover (category 8). Examples of category 116 1 conditions, i.e. slush ice along the shore, and category 7 conditions, i.e. a complete ice cover with the 117 exception of the channels near the barrier islands, are shown in Figure 2 . 118
AVHRR

119
Visual assessments of daily outputs of AVHRR imagery for ice seasons 1986 to 2000 were used to 120 calibrate a degree-day model (described below). AVHRR imagery is available at the 1 km nominal 121 resolution since the end of 1985. The comparatively low resolution of the imagery with respect to the 122 size of the lagoon often made it difficult to determine accurately the presence of ice or its distribution, 123 but data still allowed us to discriminate between insignificant (categories 0 to 3) and significant/severe 124
Ice Condition Model
126
A freezing degree-day (FDD) equation, based on air temperature data and day-of-year, was used to 127 numerically categorize the severity of the ice conditions in Izembek Lagoon. After identifying two 128 threshold values for significant (FDD 5 ) and severe (FDD 7 ) ice conditions, daily ice conditions were 129 predicted as insignificant, significant, or severe. 130
Freezing degree days are a measure of the cumulative heat withdrawn from the water due to low air 131 temperatures (cf. Petrich and Eicken, 2010) . Freezing degree-days with respect to a base temperature 132
where T a is the air temperature (°C) at time τ (day of year). FDD are customarily expressed in units of 135 °C days. The integration of FDD to a specific point in time, t, started in early November, prior to the 136 onset of ice formation. Note that FDD defined in Equation (1) decreases during cold spells and increases 137 during warm spells, never exceeding 0. Since ocean heat content and solar radiation change throughout 138 the year we allowed for the possibility that 
Model results
177
Minimizing the discrepancy between model predictions and observations (data of However, the best date τ x to change the base temperature, and the value of T spring were not well 184 confined by the data set. In particular, τ x and T spring were not independent of each other. Optimal 185 parameter pairs ranged from τ x =60 with T spring of 0.5 to 1 °C below T winter , to τ x =75 with T spring of 1 to 186 1.5 °C below T winter . As a compromise, all model calculations (back to 1943) were performed with 
Errors
231
Errors in ice assessment can be the result of errors in the interpretation of satellite images, and errors 232 based on the simplicity of the IC model. Interpretation errors can be the result of mistaking snow forgrounded ice on the shore, clouds for ice in visible imagery, and turbid water or low water levels for thinice in near-infrared imagery. Further, uncertainty in ice conditions was increased due to atmospheric 235 haze and when Izembek Lagoon was captured at the edge of the satellite swath rather than close to the 236 center. In order to guard against misinterpretation of clouds and turbid water, both visible and near-237 infrared images were evaluated. Errors in the interpretation of ice or snow at the shore would at most 238 result in confusion of categories 0 and 1, a distinction beyond the capabilities of the IC model and not 239 part of this study. Errors due to image quality from haze and pixelation could have swayed the 240 assessment of ice conditions that are at the edge of two categories in either direction. These errors are 241 likely random and appear during both freeze-up and break-up, and therefore introduce no systematic 242 bias during fitting of the model parameters. 243
The IC model is simple, using only air temperature and day-of-year as input parameters. Freezing degree 244 days indicate the amount of energy removed from the water to the atmosphere. Physically, this energy 245 is related to the mass of ice formed, and it can be related to area and distribution only empirically 246 assuming that growth conditions (e.g., winds, ice drift, ocean heat flux) do not vary. As exemplified 247 above, this assumption seems to be violated during relatively calm periods with particularly low 248
temperatures. 249
Model parameters T winter and T spring are within the range of threshold temperatures used before, i.e. the 250 freezing point of seawater, -1.8 °C (Weeks and Lee, 1958), and -5 °C (Karelin, quoted by Armstrong 251 (1955)). The transition time τ x is in spring, consistent with a general increase in solar irradiance. 252 Sea is publicly available from the National Snow and Ice Data Centre and is based on ice concentration 298 estimates derived from satellite passive microwave data using the bootstrap algorithm (Stroeve, 2003) . Following an investigation of location-specific ice conditions, the methodology employed for Izembek 336
Statistical model
Lagoon in this study should be transferable to other coastal areas, opening opportunities to assess the 337 day-to-day and inter-annual variability of wildlife over a wider area in relation to ice conditions. 338 
